Mice have become more important as genetically-modified model animals for analysis of physiological functions. The establishment of a frequent blood sampling system in conscious mice would provide a powerful tool for a better and more detailed understanding of the physiological status of circulating hormonal changes, such as pulse or surge modes of luteinizing hormone (LH) secretion. Frequent blood sampling, however, is considered problematic in mice because of the limited blood volume for their small body size. The present study, therefore, aims to establish a blood sampling protocol to determine the pulse and surge modes of LH secretion using intra-atrial cannulation and frequent blood sampling in free-moving conscious mice. Ovariectomized mice were bled every 3 min for 1.5 h to detect LH pulses. Blood glucose levels, an indicator of stress, were kept constant throughout the 1.5-h sampling period, suggesting that sampling can be performed under stress-free conditions. Obvious LH pulses were observed in ad lib-fed ovariectomized mice, whereas they were significantly suppressed after a 24-h fast. This indicates that the present sampling protocol is suitable for detecting physiological changes in pulsatile LH secretion. In addition, 1-h-interval blood collections in proestrous mice between 1300 and 2200 h revealed that individual preovulatory LH surges occur in the evening of proestrous days. Thus, the present study has developed a blood sampling protocol to detect individual profiles of pulse and surge modes of LH secretion in mice. Key words: Cannulation, Gonadotropin, Luteinizing hormone (LH), Pulse (J. Reprod. Dev. 57: [660][661][662][663][664] 2011) he analysis of circulating luteinizing hormone (LH) profiles via frequent blood sampling has provided a useful tool for assessing the activity of the hypothalamo-pituitary-gonadal axis in various mammalian species, such as rats [1] [8] . There are two distinct modes of LH secretion, i.e., pulse and surge. It is well established that both modes of LH secretion correspond to the pulse and surge modes of gonadotropin-releasing hormone releases in the hypothalamus, as was reported in sheep [4, 9] . Of these modes of LH secretion, an analysis of LH pulses requires frequent blood sampling at intervals of no more than 10 min in small rodents [10] . In addition, blood samples should be collected under stress-free conditions, since LH secretion is known to be strongly affected by various types of stresses, such as physical [10] , psychological [11] or nutritional stresses [12] . Frequent blood sampling techniques, therefore, have been established in various mammals to detect pulsatile LH secretions in conscious freemoving animals under stress-free conditions.
(J. Reprod. Dev. 57: [660] [661] [662] [663] [664] 2011) he analysis of circulating luteinizing hormone (LH) profiles via frequent blood sampling has provided a useful tool for assessing the activity of the hypothalamo-pituitary-gonadal axis in various mammalian species, such as rats [1] , guinea pigs [2] , pigs [3] , sheep [4] , goats [5] , cows [6] , rhesus monkeys [7] and horses [8] . There are two distinct modes of LH secretion, i.e., pulse and surge. It is well established that both modes of LH secretion correspond to the pulse and surge modes of gonadotropin-releasing hormone releases in the hypothalamus, as was reported in sheep [4, 9] . Of these modes of LH secretion, an analysis of LH pulses requires frequent blood sampling at intervals of no more than 10 min in small rodents [10] . In addition, blood samples should be collected under stress-free conditions, since LH secretion is known to be strongly affected by various types of stresses, such as physical [10] , psychological [11] or nutritional stresses [12] . Frequent blood sampling techniques, therefore, have been established in various mammals to detect pulsatile LH secretions in conscious freemoving animals under stress-free conditions.
Mice have become more important as a genetically-modified model animal in the analysis of physiological functions. The analysis of pulsatile LH secretion using frequent blood sampling, however, is considered problematic in mice because their blood volume and composition might be adversely affected by such frequent sampling for their small body size. Attempts have been made to obtain frequent blood samples using several techniques, such as orbital sinus puncture and tail cutting. These procedures should not be used for the analysis of LH pulses because they might be so stressful that the pulses would be seriously affected. There are a few reports showing LH pulses with frequent blood sampling [13] [14] [15] [16] , but the pulse profiles were not as good as those of other animal species.
The present study aims to establish a blood sampling technique that would reveal the pulsatile and surge nature of LH secretion in female mice. To this end, blood samples were taken every 3 min for 1.5 h in conscious free-moving female mice to detect pulsatile LH secretion. The surge mode of LH secretion was also examined at 1-h intervals between 1300 and 2200 h.
The mice undergoing frequent blood sampling in the present study might be largely free from stress, since their blood glucose levels, an indicator of the stress, were constantly maintained at a normal level throughout the sampling in ad-lib fed mice (Fig. 1) . Furthermore, the blood glucose levels were also kept constant in fasted animals at a significantly lower level compared with ad-lib fed animals. This implies that the current sampling protocol should prove useful in detecting physiological changes of circulating metabolites. Another issue concerns the decrease in red blood cells, which may have a serious impact on the animals because the blood volume collected during a 1.5-h sampling period was 30% of their estimated total blood volume. In the present study, no change in body weight or hematocrit values was detected during the blood sampling (data not shown). Thus, it is most likely that the sampling protocol employed in the present study overcame the technical difficulties predicted in mice.
Obvious LH pulses were observed in ad lib-fed ovariectomized mice ( Fig. 2A) . The mean frequency of LH pulses was 4.64 ± 0.65 pulses/1.5 h (mean ± SEM; Fig. 2B ), while the mean LH pulse interval was 19.99 ± 1.99 min (mean ± SEM). The interval seemed much shorter than in other animal species undergoing ovariectomy, such as rats (32 min) [17] , rhesus monkeys (50 min) [7] , goat (25 min) [18] , ewes (62 min) [19] , gilts (79 min) [20] and beef heifers (127 min) [21] . Figure 3 shows that the size of the animal species bears a positive relationship to its LH pulse intervals.
Other groups of mice were also bled every 3 min for 1.5 h after 24-h fasting to discover whether the present sampling protocol was capable of detecting suppressed LH pulses, as has been reported in other animal species such as rats [12, 22] . Food deprivation has been known to suppress the pulsatile LH release in various mammalian species via a specific neural pathway [23] , indicating that food deprivation might be useful as an environmental cue to modulating reproductive functions. The mean LH levels and frequency of LH pulses decreased significantly (P<0.05) after 24-h fasting in ovariectomized mice (Fig. 2B) . Thus, the present study clearly demonstrated that the current sampling protocol was suitable for detecting physiological changes in pulsatile LH secretion in mice. It has been reported that 48-h fasting suppresses LH pulses only in the presence of estrogen in rats [17] , whereas prolonged fasting for 120 h suppresses LH secretion in the absence of estrogen [24] , suggesting that severe nutritional stress affects gonadal functions without the aid of estrogen. The present study suggests that 24-h fasting in mice is severe enough to suppress LH pulses in the absence of estrogen.
The surge mode of LH secretion is usually analyzed by a singlepoint blood sampling protocol in mice, which might miss the peak of a surge in each individual mouse. In the present study, LH surges were clearly detected using the serial blood-sampling protocol. Indeed, Fig. 4 shows considerable individual variations in the timing of surge peaks. We demonstrated in this study that the , such as rats [17] , rhesus monkeys [7] , goats [18] , ewes [19] , gilts [20] and beef heifers [21] .
present blood sampling protocol allows us to collect serial blood samples during an LH surge, thus providing more information from each individual mouse.
In the present study, a 22-cm cannula was employed to minimize the dead volume at each blood collection, since a long atrial cannula may cause dilution of the collected blood with the saline. The blood glucose concentrations determined in the present study were very similar to those of blood samples collected following decapitation [25] [26] [27] , suggesting that the present blood samples might not have been diluted with the saline in the cannula.
In conclusion, the present study developed a frequent blood sampling protocol for analysis of pulse and surge modes of LH secretion in freely-moving conscious mice. Such findings will contribute to studies on the mechanisms regulating reproductive functions by assessing LH secretion in transgenic and knockout mice. In addition, the present blood sampling protocol may be suitable for analysis of not only LH but also of other hormones and metabolic substances in the circulation of genetically-modified mice.
Methods

Animals
Thirteen to fifteen-week-old female ICR strain mice (Charles River Laboratories Japan, Kanagawa, Japan) weighing 29-36 g were housed in a controlled environment (14 h light: 10 h darkness with lights-on at 0500 h, 23 ± 3 C) and had free access to food (CE-2, CLEA Japan, Tokyo, Japan) and water. Surgeries were performed under isoflurane anesthesia and aseptic conditions. The present study was approved by the Committee on Animal Experiments of the Graduate School of Bioagricultural Sciences, Nagoya University.
Surgeries
Mice were bilaterally ovariectomized for a week before blood sampling to obtain obvious LH pulses without the negative feedback effect of steroid hormones. The animals then received an indwelling atrial cannula made of silicon tubing (i.d., 0.5 mm; o.d., 1.0 mm; length, 22 cm, Shin-Etsu Polymer, Tokyo, Japan) through the right jugular vein 2 days before blood sampling. The cannula was inserted through a small incision made in the jugular vein using microscissors and was affixed to the pectoral muscle (Fig.  5A) . The cannula was similar to the one reported in rats [28] , except that the total length was 22 cm, and the distance between the tip of the cannula and the incision of the jugular vein was 1.4 cm to prevent the cannula from being bent (Fig. 5A-a) . The cannula was kept in a plastic case (Fig. 5B-b, 28 mm in diameter, Piston-Can B-1, M.I. Chemical, Hyogo, Japan) affixed to the dorsal skin of the neck until blood sampling (Fig. 5B) . Food intake recovered to normal levels in all the ad lib-fed mice within 2 days after surgery, suggesting that the animals had recovered from surgery by the day of blood sampling. To detect proestrous LH surges, those exhibiting at least two consecutive 5-day estrous cycles received the indwelling atrial cannula on the day of diestrus 1. Some animals showed irregular estrous cycle after surgeries, and samples were not collected in these individuals. 
Blood sampling
The cover of the plastic case was substituted for one with a sheath made of straw tubing to prevent cannula damage from mice bites (Fig. 5C ). Mice were kept in a wire meshed sampling box placed inside a plastic cage (Fig. 5D) . The cannula was connected to a 1-ml syringe containing heparinized saline kept at the top of the cage. Blood samples (20 μl) were collected through the intraatrial cannula at 3-min intervals for 1.5 h from 1300 h to determine LH pulses. An additional volume (10 μl) of blood samples was obtained at 15-min intervals to detect the blood glucose levels during blood sampling. To determine LH surges, blood samples (20 μl) were collected in proestrous animals at 1-h intervals between 1300 and 2200 h. Figure 4 shows LH surges in 2 proestrous animals. Each blood sample was replaced with an equivalent volume of washed red blood cells obtained from other ICR strain mice to keep the hematocrit values constant. To prevent the loss of blood samples, the syringes were put in plastic tubes and then centrifuged at 3,000 rpm. The samples were then stored at -20 C until assayed. Before and after blood sampling, body weights were measured and blood samples (20 μl) were collected to determine hematocrit values.
Assays
Plasma LH concentrations were determined with a mouse LH RIA kit provided by the National Hormone and Peptide Program (Bethesda, MD, USA). LH concentrations were expressed in terms of NIDDK mouse LH-RP AFP-5306A. The least detectable concentration of LH in 10-μl plasma samples was 0.78 ng/ml. The intra-and interassay coefficients of variation were 7.8 and 11.0% at 4.8 and 3.0 ng/ml, respectively.
Plasma glucose concentrations were determined by the glucose oxidase method using a commercial kit (Glucose C-Test, Wako, Osaka, Japan). The least detectable concentration of glucose in 1.5-μl plasma sample was 50.0 mg/dl, and the intra-assay coefficient of variation was 1.6% at 131.1 mg/dl.
Data analysis
LH pulses were identified using the PULSAR computer program [29] . The criteria used to identify the pulses were chosen so that a single LH concentration had to be 3.0 standard deviation (SD) greater than the baseline LH concentration, 2 consecutive LH concentrations each had to be 1.0 SD greater or 3 or more consecutive LH concentrations each had to be 0.4 SD greater than the baseline LH concentration to be considered part of an LH pulse. The SD for each plasma concentration was calculated by the equation y=(2.78x + 23.62)/100, where x is the LH level and y is the SD for each LH level determined by assaying four series of control plasma in 10 replicates. The mean LH concentration and frequency and amplitude of LH pulses were compared between treatments using the Student's t-test. Statistical differences in plasma glucose levels between groups were analyzed by two-way ANOVA (with treatment and time as main effects) followed by the Bonferroni test.
